
NACA-TR-6 28 



4 





. : yri^-i- 4;-- 



NATIONAL ADVISORY COmiTTEE 
FOR AERONAUT! 



1- 6 '4 1 




AERODYNAMIC CHARACTERISTICS 





1 ' fr 



. , >-->,^ NATIONAL TECHNICAL - ^ ■ 
- ^INFORMATION SERVICE f i 7%:^ ; 

~ - . J U.S. DEPARTMENT OF COMMERCE • '\ . 



U.S. DEPARTMENT OF COMMERCE 
SPRINGFIELD, VA. 22161 

m 





Wit? < c.ft^»'.-i3M&lr" 
fe«^^Tmmr<^O f 0023781b '-ft.-* sec.» 




^^^P^^S||pg^fa?^at 15° C.» the cor- ■ 



' ITS! 



NOTICE 



THIS DOCUMENT HAS BEEN REPRODUCED 
FROM THE BEST COPY FURNISHED US BY 
THE SPONSORING AGENCY. ALTHOUGH IT 
IS RECOGNIZED THAT CERTAIN PORTIONS 
ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE 
AS MUCH INFORMATION AS POSSIBLE. 



i 



REPORT No. 628 



AERODYNAMIC CHARACTERISTICS 
OF A LARGE NUMBER OF AIRFOILS TESTED IN THE 
VARIABLE-DENSITY WIND TUNNEL 

By ROBERT M. PINKERTON and HARRY GREENBERG 
Langley Memorial Aeronautical Laboratory 



73038—38 1 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



HEADQUARTERS, NAVY BUILDING, WASHINGTON, D. C. 
LABORATORIES, LANGLEY FIELD, VA. 

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific 
study of the problems of flight (U. S. Code, Title 50, Sec. 151). Its membership was increased to 15 by 
act approved March 2, 1929. The members are appointed by the President, and serve as such without 
compensation. 

Joseph S. Ames, Ph. D., Chairman, 

Baltimore, Md. 
David W. Taylor, D. Eng., Vice Chairman, 

Washington, D. C. 
Willis Ray Gregg, Sc. D., Chairman, Executive Committee, 

Chief, United States Weather Bureau. 
William P. MacCracken, J. D., Vice Chairman, Executive 
Committee, 

Washington, D. C 
Charles G. Abbot, Sc. D., 

Secretary, Smithsonian Institution. 
Lyman J. Briggs, Ph. D., 

Director, National Bureau of Standards. 
Arthur B. Cook, Rear Admiral, United States Navy, 

Chief, Bureau of Aeronautics, Navy Department. 
Harry F. Guggenheim, M. A., 

Port Washington, Long Island, N. Y. 



George W. Lewis, Director of Aeronautical Research 
John F. Victory, Secretary 
Henry J. E. Reid, Engineer-in-Charge, Langley Memorial Aeronautical Laboratory, Langley Field, Va. 
John J. IDE, Technical Assistant in Europe, Paris, France 



Sydney M. Kraus, Captain, United States Navy, 

Bureau of Aeronautics, Navy Department. 
Charles A. Lindbergh, LL. D., 

New York City. 
Denis Mulligan, J. S. D., 

Director of Air Commerce, Department of Commerce. 
Augustine W. Robins, Brigadier General, United States 
Army, 

Chief Materiel Division, Air Corps, Wright Field, 
Dayton, Ohio. 
Edward P. Warner, Sc. D., 

Greenwich, Conn. 
Oscar Westover, Major General, United States Army, 

Chief of Air Corps, War Department. 
Orville Wright, Sc. D., 
Dayton, Ohio. 



TECHNICAL COMMITTEES 



aerodynamics 

power plants for aircraft 

AIRCRAFT MATERIALS 



AIRCRAFT STRUCTURES 
AIRCRAFT ACCIDENTS 
INVENTIONS AND DESIGNS 



Coordination of Research Needs of Military and Civil Aviation 
Preparation of Research Programs 
Allocation of Problems 
Prevention of Duplication 
Consideration of Inventions 



LANGLEY MEMORIAL AERONAUTICAL LABORATORY 

LANGLEY FIELD, VA. 

Unified conduct, for all agencies, of 
scientific research on the fundamental 
problems of flight. 

II 



OFFICE OF AERONAUTICAL INTELLIGENCE 

WASHINGTON, D. C. 

Collection, classification, compilation, 
and dissemination of scientific and tech- 
nical information on aeronautics. 



REPORT No. 628 



AERODYNAMIC CHARACTERISTICS OF A LARGE NUMBER OF AIRFOILS TESTED IN 

THE VARIABLE-DENSITY WIND TUNNEL 

By Robert M. Pinkerton and Harry Greenberg 



SUMMARY 

The aerodynamic characteristics of a large number of 
miscellaneous airfoils tested in the variable-density tunnel 
have been reduced to a comparable form and are published 
in this report for convenient reference. Plots of the 
standard characteristics are given for each airfoil and, in 
addition, the important characteristics are given in tabular 
form. Included also is a tabulation of important char- 
acteristics for the related airfoils reported in N. A. C. A. 
Report No. 

This report, in conjunction with N. A. C. A. Report No. 
610, makes available in comparable and convenient form 
the aerodynamic data for airfoils tested in the variable- 
density tunnel since January 1, 1931. 

INTRODUCTION 

A large number of miscellaneous airfoils not included 
in the systematic investigations reported in references 1 
and 2 have been tested in the variable-density tunnel. 
The larger part of these airfoils consists of unrelated 
sections, tests of which were requested by various 
agencies; and the results, except those published in 
reference 3, have not heretofore been available in pub- 
lished form. The rest of the airfoils consist of small 
groups of related sections tested to study the effects of 
certain local variations in shape. 

One of these local shape variations involved changes 
of the nose shape, consisting primarily of changes of the 
leading-edge radius. The effects of these changes were 
determined by tests of modifications of the Gottingen 
398 (reference 4), of the Clark Y (reference 5), and of 
the N. A. C. A. 2412 (unpublished). References 4 and 
5 present data on the effect of sharp leading edges. 
The modifications to the N. A. C. A. 2412 consisted in 
varying the leading-edge radius from normal to zero 
(N. A. C. A. 2412, in. A. C. A. 15, 16, 19, and 20) and 
in dropping the leading edge from the normal position 
(N. A. C. A. 17 and 18). A second local shape variation 
involved the rear portion of the airfoil and consisted 
in reflexing the mean line. Such modifications were 
made on the Gottingen 398, the Boeing 106, and the 
N-60 sections, and the results of the tests were pub- 
lished in reference 6. A series of related forward- 



camber airfoils having reflexed mean lines was tested, 
and the results were published in reference 7. Another 
series of reflexed airfoils, for which the results have not 
been published, includes the N. A. C. A. 21, 23, 24, 25, 
26, and 27 airfoils. 

The results of these tests, including both published 
and unpublished data, have not heretofore been avail- 
able in comparable form nor convenient for ready refer- 
ence by the user. It has therefore been deemed desir- 
able to collect these data into one report. 

This report, in conjunction with reference 2, makes 
available, in convenient form, comparable data for sec- 
tions tested in the variable-density tunnel since Jan- 
uary 1, 1931. The important fully corrected character- 
istics for the miscellaneous sections described earlier and 
also for the sections reported in reference 1 are tabulated 
for easy reference. In addition to the tabulated data, 
plots of standard aerodynamic characteristics are pre- 
sented for the miscellaneous airfoils. 

TESTS AND APPARATUS 

Routine airfoil tests were made in the variable-density 
tunnel at an effective Reynolds Number of approxi- 
mately 8,000,000. Tests of some of the models were 
extended through the range of negative angles of attack. 
Airfoils for which these results were obtained are desig- 
nated "inverted" sections. The duralumin models were 
of rectangular plan form with a 5-inch chord and a 
30-inch span. A description of the tunnel, the test 
procedure, and the method of constructing the models 
is given in reference 8. 

The precision of the tests and of the results is dis- 
cussed in references 1 and 9. 

RESULTS 

The method chosen to present these results is in- 
tended to be convenient for designers. The important 
characteristics, fully corrected as described in references 
9 and 10, are presented in tables I and II and are com- 
parable with those given in reference 2. These im- 
portant characteristics are: 

Ci maX } the section maximum lift coefficient. 
«j 0 , the angle of zero lift. 
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a Q , the section lift-curve slope. 
Ci opt , the optimum lift coefficient, or the section 
lift coefficient corresponding to c d 0min ' 
Cd o min , the minimum profile-drag coefficient. 
c m a . c ., the pitching-moment coefficient about the 
section aerodynamic center. 
a.c, the aerodynamic center, or the point, with 
respect to the airfoil section, about which 
the pitching-moment coefficient tends to 
remain constant over the range of lift 
coefficients between zero and maximum 
lift. 

c.p., the position of the center of pressure in 
percentage of the chord behind the 
leading edge. 
m 6 . the lift-curve slope for aspect ratio 6. 

A more complete description of these characteristics is 
presented in references 9 and 10. 

Tables I and II contain these data for available 
sections tested in the variable-density tunnel, except 
those given in reference 2. Reference is made to the 
original publication for the airfoil results that have 
been previously reported. 

Plots of the standard characteristics (figs. 1 to 88) 
are given for the miscellaneous sections (exclusive of 
those for the N. A. C. A. 22112, 23112, 24112, and 25112 
sections, which are published in reference 7) because 
they are not available elsewhere. Plots for the sections 
in table I are given in reference 1. 



Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., October 1, 1937. 
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Figure 3.— Boeing 103 A airfoil. 
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Figure 7.— Boeing 106 R airfoil. 
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Figure 8.— Boeing ill airfoil. 



■2 .4 .6 .8 1.0 1.2 
Lift coefficient, c, 



1.4 1.6 1.8 



-8 
■12 
;I6 



CHARACTERISTICS OF AIRFOILS TESTED IN THE VARIABLE-DENSITY TUNNEL 
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Figure 9.— Boeing 111 airfoil (inverted). 
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Airfoil: Boeing 112 R.N.: 3, 100,000 
Size:5"x30" Vel. (ft. /sec): 68. 9 
PressXsthd. atm):20.9, Date: 1-3-33 
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Corrected for tunnel-wall effect 
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Fiouee 10.— Boeing 112 airfoil. 
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CHARACTERISTICS OF AIRFOILS TESTED IN THE VARIABLE-DENSITY TUNNEL 
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Figure 13.— Sikorsky QS-M airfoil (inverted). 
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Airtoil: Sikorsky GS-I Test:V.D.T. 1084 
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Figure 17.— R. A. F. 31 airfoil. 
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Figure 18— U. S. A. 27 airfoil. 
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Figure 19— U. S. A. '27 airfoil (inverted). 
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Figure 20.— U. S. A. 35-A airfoil. 
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Figure 21.— U. S. A. 35-B airfoil. 
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Figure 32.— N-68 airfoil. 
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Figure 33.— N-69 airfoil. 
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Figure 35 — N-71 airfoil (inverted). 
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Figure 36.-N-7S airfoil. 



Ratio of lift to drag. L/D 
ii — . r\> r^j r\j 

c./>. /h percent of chord (from forward end of cnoraj 




^ S u> to vi O) o, £ to r» ro ^ n pi !v> q N j» >S o b 



>jO-.Ulf»)0) ;s |QjQ)Q)(»>v|0)t»|^t\>Ji>»~., . ys 



6. H I I I I I I l I J I I I I I I ' II 

i;0^-rv>i\jhjrut\>ryfvji\)rv)tV)t\}ty ^> t . OjS 

(ut*)Ol-^vi-^vi-viO)Q-|i(h<0 0>^«^vjCBU*i ~- 



Percent 
of chord 



Lift coefficient, Q. 



Drag coefficient, C D 



Co to 



CD 




S" 

O CD 
Q 

n 

ft °> 

"c£ ^ 

Co 



Ratio of lift to drag, L/D 



-fc* Co 



i [ u ^ oi i5 5) - . 

c./>. percent of chord (from forward end of chord) 



Co cr> 























































































































































































































































































































































5 re 3 NV 


n 
























/ 


































*?> fli in :• 


































































X' 
































































in 


3 s 


























f 


































































































































































si- 








- - 




















































3 








& " 






























































- ; 5n ^ 5) 




























































1 
































































!» 


ID M» - 
O Cs 






























































S3 ^1 "S. CO 


S." 




























































































































, vi 



































































,1 



co Co q r>o -tv 
Lift coefficient, C L 



Co Co 



•v. , l\i <\i JN? 
M O) Ci -k Co 
Drag coefficient, C D 



CO 



O 

w 

> 

o 

w 

i— i 

go 

i-3 
i— i 

a 

02 

o 



o 

I— ( 

f 

H 
H 

CD 

i-3 
H 
U 



Moment coef, c m 



Profile-drag coefficient, c do 

b b b b Cs b b 
Q & >■ •> ^ 



Q Q 
to <\i £v> 



rS Co *k 



co r\> 



-tel. Co r\j co 































































































































































































































































































































































**. -v. S»- 

'§ <? ' 

IIS 














































































































































a 


















































0 
























J* 




































o m 






























































%l } 


> 




























































zhord 


0 

> 


























. - 




y 








































F 


\ 


































































\ 















































































































































































































































































































































































































































































































/l/vg'/e of attack for infinite aspecf ratio, d a (deg.) 



H 
W 
H 

<! 
► 

► 

w 
t- 1 

M 
i 

O 

5Z{ 

GQ 
l— l 

H 

d 

125 
H 



22 



REPORT NO. 628— NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



I 

o 

S 

28% 0 

24 k 20 

^20 S 40 
\ I 

o 12% 80 

■a o 

^ 8\ /00 

° ^5 

M OS. 



-8 

















































































































































































































































































































































































































































































































































































































































































\ 














































c.p. 






































































L/JD 


































































































































































G. 






















































































1 


















































































































































A 
<S 


irt 


hi 


>:N 


c P 

-76 


Y/n 


v'r 




). i 




/•. 


?n 


in 


nr 


n 












>ze:5"x30" Vet. (ft/sec): 70.8 

-ess.(sfnd. atm.):20.l. Date: 7-20-34 

lere tested: LMA.L, Test: V.DT. 1158 

jrrected for tunnel-wall effect 
— i 1 1 1_ — , — i 1 \ — „ 












Pi 
Wf 






















Cc 



-8 -4 0 4 8 12 16 20 
Angle of attack, a (deg.) 



2.4 



.4 
.2 

1 

.2 
.4 



.48 
.44 
.40 
.36 
.32 
>.28tf 
24 *£ 

.4) 

.0 
.20^ 
<» 
p 

.«| 

.08 
.04 
0 



24 28 



.026 

.024 

.022 

.020 

61 .0/5 

lot 6 

K.0I4 

o 

u 

#.012 

| 



'.O/O 



0.005 
.006 
.004 
.002 



O -.2 

C 

a? -.3 



































































\ 










































\ 


































































































































































































































































































































































































































































































































































\ — 

V- 












































1 










































1 
































c 








— r 
\ 












































j~i 










































































































































































0.lc d 


























































































































t 


c„ 










































































a.c 


i 






























0.005c ahead of c/4 


























.OOc above chord 


























Airfoil: N-7 6 (inverted) Test: V. D. T. 1158 
Date: 7-20-34, R.N. .'(effective) 8,000, OOO 
Corrected to infinite aspect ratio 



















-.2 



.2 .4 .6 .8 1.0 1.2 
Lift coefficient, c lg 



52 



48 



44 



40% 
36^ 

28^ 
24\ 
20 t 



16 



12 



-8 



■12 



1.4 1.6 1.8 



;I6 



Figure 39.— N-76 airfoil (inverted). 



•5 

0 

£ 

2 4 20 
\20 % 40 
^16^60 



o 12% 80 
•a u 



Sfc 



0 

So/00 

-v. 

c: 

J 

0 Q. 

.5 



-4$ 
-8 



Sta. 


Up'r. 


L'w'r. 


-.013 


0.17 


0.17 


O 


.33 


0 


.125 


.74 


- .38 


.25 


.98 


- .56 


.50 


1.31 


- .33 


.75 


1.58 


-1.03 


1.00 


1.81 


-1.19 


1.25 


2.02 


-1.33 


2.5 


2.84 


-1.83 


5.0 


4.03 


-2.38 


7.5 


4.94 


-2.73 


JO 


5.68 


-2.97 


15 


6.78 


-3.24 


20 


7.5/ 


-3.37 


25 


7.92 


-3.4S 


30 


8.07 


-3.47 


40 


7.75 


-3.25 


50 


7.09 


-2.84 


60 


6.13 


-2.34 


70 


4.89 


-1.78 


80 


3.47 


-1.21 


90 


1.82 


- .58 


100 


0 


0 


T. 5. /fad. . 


0.05 



-8 -4 



— 

N ° 









a. 


c. 



























































20 40 60 80 100 
Percent of chord 




Airfoil: N-80 R.N.:3,/80,000 
Size:5"x30~ Vel. (ft. /sec): 69.0 J P 
Press.(sthd. atm.):20.5, Date: 1-23-35 ' c 
Vihere tested: LMA.L.Test: V.DT. 12/3 
Corrected for tunnel-wall effect 



0 4 8 12 16 20 24 28 
Angle of attack, ci (deg) 



2.4 .48 



-.4 



.026 

.024 

.022 

.020 

$.0/8 

■1-0/6 

t>:0/4 
8 

#.0/2 

I' 0 ' 0 
* .008 

.006 

.004 

.002 

jj 0 

J-< 

S - 3 

6 



i 4 

















































































































































































































































































































































































4 




































































































































































































































































































x 




— \ — 

\ 










































\ 




























/ c " 














\ 






































































































































































































































































































o — 
























































































































































































a.c. 
































0.00 Ic behind c/4 


























.02c above chord 
























Airfoil: N-80 ' Test-.V.D.T. 1213 
Date: 1-23-35. R.N. : (effective) 8,400.000 
Corrected to infinite aspect ratio 



















-.2 



.2 .4 .6 .8 1.0 1.2 1.4 1.6 
Lift coefficient,. c. 



52 

48 

44 

40% 

36"- 

2s\ 

&\ 

20§ 

1 

0"o 

3> 

-4^ 



-12 



1.8 



16 



Figure 40.— N-80 airfoil. 
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Figuee 41— N-80 airfoil (inverted). 
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Corrected for iunnel-wal I effect 
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Figure 43.— N-81 airfoil {inverted) 
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Airfoil: N-81 (inverted) Test: V.D.T. 1216 
Date: 1-26-35, R.N.: (effective) 8.500. OOO 
Corrected to infinite aspect ratio 
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Airfoil: Gbttingen 387' test :V.D.T. 823 
Date: 4-25-32, R.N. .-(effective) 8,400,000 
Corrected to infinite aspect ratio 
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Figure 44.— Oottingen 387 airfoil. 
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Airfoil: Gottingen 398, R.N:.3,070,000 
Size:S"x30" VeL (ft/sec): 70. 1 
' Press.(sfnd. atm):2Q.4. Date:3-I8-3I 
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Fiourk 45.— Gottingen 398 airfoil. 
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G6ttingen338(in vrd)R.N. : 3.090.000 
Size: 5 "x30" Vet (ft/sec): 69. 7 J _ 2 
Press.(sfnd.atm). 20.6. Date: 7-24-31 
Where tested: L MA.L. Test: V.DT. 639 1 
Corrected for tunnel- wall effect \ ' ■ 
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Figure 46.— Gottingen 398 airfoil (inverted). 
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Airfoil: Gottingen 338-A, R.N.3, 190.000 
Size: 5 "x30 " Vel. (ft. /sec): 68. 6 
Press.(sfnd. atm):20.8. Date: 10-31-31 
Where tested: LMA.L. Jest :V.D.T. 7/3 
Corrected for tunnel-wall effect 
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Airfoil: Gottingen 398-A, Test: V. D. T. 713 
Date: IO-3I-3 1. R.N .-(effective) 8.4 '20,000 
Corrected to infinite aspect ratio 
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Figure 47.— Gottingen 398-A airfoil. 
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Airfoil: Gottingen 338-3, R.N.:3.270.000 
Size:5"x30" Vel. (ft./sec): 67.6 
Press.(sfnd. atm.):2/.2. Date: 1 1- 2-31 
Where tested: LMA.L JestMDI. 714 
Corrected for tunnel-wall effect 
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Airfoil: Gottingen 398-3, Test-.V.D.T. 714 
Date: 1 1-2-31, R.N : (effective) 8. 640. 000 
Corrected to infinite aspect ratio 
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Figure 48.— Qottingen 398-B airfoil. 
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Airfoil: Gottingen 420. R.N.:3 /20000 
5ize:5"x30" Vet. (ft. /sec): 69.6 
Press.(sfnd. atm.):20.4. Date: 3-28-31 
Where tested :L.M.A.L. Jest. V.D.T. 541 
Corrected for tunnel-wall effect 
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Date: 3-28-31, R.N. : (effective) 8,240.000 
Corrected to infinite aspect ratio 
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Figubb 51.— Qbttingen 420 airfoil. 
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Size:5"x30" Vet. (ft. /sec): 69.4 
Press.(stnd. atm):2l. /, Date :4-2Z32 
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Airfoil: G6ttingen429AG. Test: V. D. T. 826 
Date: 4-22-32, R.N. : (effective) 8. 130. 000 
Corrected to infinite aspect ratio 
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FiauBK 52.— GSttingen 429-AQ airfoil. 
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FiotJBE C3.— GSttingen 428-.T airfoil. 
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Figube 59.— Clark Y airfoil (inverted). 
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Figure 81.— Clark Y M-15 airfoil. 
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Fiquee 63.— Clark Y M-18 airfoil. 
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Figure 64.— Clark Y M-18 airfoil (inverted). 
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Figure 66.— Clark Y-8 airfoil. 
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Figure 71— Clark Y-22 airfoil. 



o 

"5 

o 

1 

24 ^ 20 

%20 % 40 
* J? 

0 

8^/00 

~ « 

.5 



-8 

0 
.0 



-4^ 
o 

-8 



Sta. 


Up'r. 


L'w'r. 


Percent 
of chord 


1 

10 




a.c. 














10 
2 

2 

2. 

1. 

1. 

1. 

1. 


0 
1.25 
2.5 
5.0 
7.5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
95 
100 


3.50 
5.45 
6.50 
7.90 
8.85 
9.60 
10.68 
I/.36 
1 1.70 
1 1.40 
10.52 
9.15 
7.41 
5.62 
3.84 
2.93 
2.05 


3.50 
1.93 
1.47 
.93 
.63 
.42 
.15 
.03 
.00 
.00 
.00 
.00 
.06 
.38 
1.02 
1.40 
1.85 


O 


=- 


















10 




















?n 




















0 20 40 60 SO 11 
Percenf of chord 
























































































































































L. 


C. 


TOO 


: 
































































































Q 








































































































































L/D 




C.p 
























































































































































































\ 












































V 














































































































































i 










































A, 


r-f 


til 




ah, 


4 r 


/H 


i 


9 A 




in 


sn 


nr 


in 








t 






Size:5"x30" Vet. (ft. /sec): 69.5 
Press.(sfnd. atm):2U. Date:3-25-3l 
Where tested: LMA.L.TestMDJ. 536 
Corrected for tunnel-wall effect ' 

































-8 -4 0 4 8 12 16 20 
Angle of attack, ct (deg.) 



.48 
.44 
.40 
.36 

.32 



.0 
0 

.8* 



.6^ 



.20^ 
o 



.4 .08 
.04 



24 28 



.026 
.024 
.022 
.020 
.018 
016 
014 
012 
0/0 
008 
006 
004 
002 
0 

-.1 

-.2 
-.3 




■ 4 -a -.a 



a.c. 

0007c ahead of c/4 _ 
.06c above chord \ 



Airfoil: N.A.C.A. CYH Test: V.D.T. 536 
Date:3-25-3l, R.N. .-(effective) 8,060,000 
Corrected to in finite aspect ratio 



.2 .4 .6 .8 1.0 1.2 1.4 1.6 
Lift coefficient, c, 



1.8 



-8 
-12 
;I6 



Figure 72.-N. A. C. A. CYH airfoil. 
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Figure 73— N. A. C. A. CYH airfoil (Inverted). 
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Figure 74.— N. A. C. A. — M6 airfoil. 
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Fjgube 75.— N. A. C. A. — M6 airfoil (inverted). 
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Figure 76.— N. A. C. A. 15 airfoil. 
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Fiqube 77. — N. A. C. A. 16 airfoil. 
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Figure 78.— N. A. C. A. 17 airfoil. 
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Fiquke 79.— N. A. C. A. 18 airfoil. 
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Figure 80.~- N. A. C. A. 19 airfoil. 
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Figure 81 — N. A. C. A. 20 airfoil. 
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Figure 82— N. A. O. A. 21 airfoil. 
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Figubk 83.—N. A. C. A. 21 airfoil (inverted). 
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Figure 84.— N. A. C. A. 23 airfoil. 
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Figure 85.— N. A. C. A. 24 airfoil. 
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Figure 86.— N. A. C. A. 25 airfoil. 
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FlGtTEE 87.— N. A. C. A. 26 airfoil. 
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Figure 88.— NT. A. C. A. 27 airfoil. 
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